Miscanthus was compared to the in-crop invertebrate biodiversity of adjacent agricultural land-uses. Ground beetles and arachnids (spiders and harvestmen) were used as indicators of invertebrate biodiversity and caught using pitfall traps over two years. Biodiversity measurements used were species richness, biomass, abundance, Simpson's Index, and rarity values. The Miscanthus plantation had a significantly lower ground beetle and arachnid species richness, biomass and abundance than an adjacent mixed-use arable field and a significantly lower ground beetle biomass and abundance than an adjacent grassland.
of land used for food production and forestry [1] . The impact on biodiversity where biomass crops are to be grown on agricultural land will depend on the current land use. Biomass crops, where used appropriately, may reduce carbon emissions, however biomass production that will seriously reduce biodiversity should not be considered truly sustainable [2] . A study by Eggers et al. [3] indicated that more species may suffer from habitat losses than benefit from an increased biofuel target. The impact of energy crop production is likely to vary spatially and depend on the crop grown, and woody crops may be less detrimental than arable crops. The use of native, perennial species (particularly in polyculture or multi-year rotation) is, in theory, likely to have less of an impact on biodiversity than energy-intensive monocultures of annual crops [4] . This would result from the preadapted biology of native species and the lack of disturbance by ploughing, pesticide application and cropping. The Royal Commission on Environmental Pollution [5] stated "the impact of energy crops on biodiversity has not been a topic of significant research in the UK, partly due to the absence of large scale plantations". The RCEP also suggested that the impact of energy crops on wildlife would "depend on the type of land use being displaced and the vegetation in adjoining areas". Essentially, any studies on the impact of energy crops on biodiversity would be limited to specific sites.
The sterile hybrid perennial rhizomatous grass Miscanthus × giganteus, a hybrid of M. sacchariflorus × M. sinensis, is used as a biomass crop and has been grown as a monoculture in England since the 1990's. Once planted, Miscanthus can remain in the ground for fifteen to twenty years. New shoots emerge in March and grow rapidly throughout the summer, producing large canes (Defra 2007 ). Miscanthus can be used to produce heat or electricity on a range of scales from large power stations to small scale systems for farm usage or single buildings. At present, Miscanthus is grown in the UK for biomass (amongst other uses) on a small scale, however it is attracting the attention of large agricultural enterprises seeking to reduce their environmental impact. Approximately 9000 ha of Miscanthus was grown for bioenergy production in the UK in 2010, with around half of the yield being used in power stations [6] . Miscanthus is thus different from other crops in being perennial, of considerable crop density and height, and being harvested over winter.
The measurement of biodiversity is problematic and it is clear that no single measure of biodiversity will be adequate [7] . Currently, the majority of approaches to biodiversity use species-richness as a measure of assessing the quality of biodiversity in a given area and/or biodiversity indices that measure evenness or dominance, such as the Shannon-Wiener and Simpson's Indices, and Berger Parker Index [8] . Species-richness does not consider the relative abundance of individuals and values each species equally, when some species may be more important than others in terms of rarity, biomass etc., and such indices in isolation may give misleading results [9] [10]. Feest [10] and Feest et al. [11] demonstrated how the use of a variety of measurements of biodiversity can pro- [12] . Biomass estimates can be calculated based on a measurement of an organism such as length [13] . The conservation status of species can be obtained where the group is well-studied and information on distribution is available, such as atlases and
Red Data Books. The approach used by [10] [11] will therefore be used in order to consider a variety of biodiversity measurements in the present study.
The aim of the present study was to assess the impact of the cultivation of biomass crops on biodiversity. The study focused on Somerset, England, UK where areas of land were being used to cultivate Miscanthus. In order to assess the impact, the biodiversity of the adjacent crops were also studied and compared to the findings within the biomass crop plantations. Miscanthus grows very densely and can in time annually reach a height of 3 m shading out all competing plant growth. Miscanthus appears to have left its accompanying invertebrates behind and harbours very few. Any invertebrate living in a dense Miscanthus crop will have difficulty in finding food if it does not consume Miscanthus so one would expect that the crop would be low in invertebrate biodiversity.
We have studied spiders and beetles as representing two frequently used indicator groups allowing comparisons with beetles being phytophagus and predatory (or both) and spiders predatory.
The purpose of this study was to test the following hypothesis:
The cultivation of monocultures of a Miscanthus crop has a significant effect on the invertebrate biodiversity quality when compared to the land-use it replaces.
In this hypothesis biodiversity is defined as a quality described by a series of indices as proposed by Feest [11] .
Materials and Methods

Study Site
The sampling approach used by Feest [10] [11] was used in order to consider the variety of biodiversity measurements in the present study which was undertaken between November 2008 and January 2010 at Fennington Farm, located in Fen- 
Sampling
Pitfall traps were set in all three fields in mid-October 2008 until January 2011 and were collected on a monthly basis. In each field, twenty pitfall traps were placed at intervals, following the sampling layout described in Feest [10] such that most of the field was sampled following a 
Biodiversity Measurements
The pitfall trap data was analysed using the BQC programme (http://www.ecosulis.co.uk) to calculate the "biodiversity quality" [10] [11] of the species caught at each site. BQC allows the allocation of properties such as biomass or rarity to each species and calculates a range of "biodiversity quality"
indices. The use of a range of indices allows the comparison of data and the "qualities" of the biodiversity; for example two samples might have the same species richness but one site may have significantly rarer or larger species than of the biodiversity of a site as a whole, and these have been considered alongside the statistical tests [18] Due to the similar ecological niches and the low number of species of harvestmen, they have been included with the spiders in this study. The calculations generated by the BQC programme are therefore as follows.
Species Richness
Species richness is taken as the total number of species recorded within the sampled area [10] within a specified time period (month/year). The Jaccard Index was used as a measure of Beta diversity, to compare the similarity of the species composition between sites [9] and the table in Urbani [19] was used to obtain a p-value. As indicated by Magurran (2004) Species Richness is a frequently used index that conveys little information and equates each species as equal to each other.
Biomass
Estimates of biomass can be obtained from the relationship between body length and weight [20] where taxa have a determinate size [10] . For ground beetles, biomass was calculated using the formula given in Jarosik [21] . The length used for each species was the mean of the length measurements given in [14] . Biomass estimates for spiders (Araneae) were calculated using the formulas in Lang, Krooβ & Stumpf [22] , the Linyphiidae formula for the Linyphiidae and the Lycosidae formula for other spiders. Lengths of spiders was taken as the mean of male and female measurements given in Roberts [15] [16] . For harvestmen (Opiliones), the equation given in Henschel, Mahsberg & Stumpf [23] is used. Length of harvestmen was taken as the mean of male and female measurements given in Hillyard [17] . Biomass indicates the relative role of a taxon in ecosystem function.
Abundance
Abundance is taken as the number of individuals of a specified taxonomic group (e.g. species, family, Order etc.) recorded in samples within a specified time period (month/year).
Simpson's Index
A variety of indices based on the proportional abundances of species can be used to measure diversity within a given area, such as Shannon-Wiener, Berger-Parker and Simpson's Index, and there is little consensus on the best measure to use [9] .
Simpson's Reciprocal Index (1/D) was used in this study as it has the largest range of values [24] ,is less influenced by species richness than the Shannon-Wiener Index and has is a better discriminant than Berger-Parker [9] . 
Species Conservation Value Index (SCVI)
An SCVI value is assigned to each species. For both ground beetles and arachnids the SCVI value relates to the occurrence of each species within 10 km 2 grid squares within the island of Great Britain, which is used as a measure of rarity.
Data from Luff [25] is used for ground beetles, data from Harvey, Nellist & Telfer [26] is used for spiders and data from Hillyard (2005) is used for harvestmen.
Rarity values were assigned from a scale of 2 (being the most common) and 100
(being the rarest), as suggested by Feest [10] and Feest et al. [11] . Ranking for rarer species was based on the number of grid squares they had been recorded in, rather than national status (Red Data Book etc.). SCVI rankings used were as The results of the monthly trapping of invertebrates were summed for each
year for each crop (n = 12) and input into the BQC programme to provide the above set of indices. This allowed for the seasonality of occurrence to be included, something which the "dipstick" one or two sample dates methods do not allow. Our results therefore are in contrast with other studies in that we used an older crop and sampled throughout the year.
Results
Real value data can be found in appendices 1 and 2, the following relates to these data tested for statistical significance.
Ground Beetles
Miscanthus vs. mixed-use arable 1) Barley
As shown in Table 1 , the barley field had the highest ground beetle species richness, biomass, abundance, mean SCVI and Simpson's Index in Year 1. The
Mann-Whitney tests for species richness, biomass, abundance and mean SCVI were significantly higher (p < 0.01) for the barley field than the Miscanthus field, and both the permutation and bootstrap tests showed that the barley field had a significantly higher Simpson's Index (p ≤ 0.001). Even though no specimens were collected from the barley field in September 2009, this field had higher totals for all of the biodiversity measurements than the Miscanthus field. The disparity between barley and Miscanthus is clear in Figure 1 .
2) Linseed field had a very high (p < 0.001) mean SCVI than the linseed field. Both the permutation and bootstrap tests showed that the Miscanthus field had a higher (p < 0.01) Simpson's Index than the linseed field.
3) Miscanthus vs. improved grassland As shown in Table 1 , the grassland field had the highest ground beetle biomass, abundance, SCVI and Simpson's Index in Year 1. The Mann-Whitney test for mean SCVI was significantly higher (p < 0.001) for the Miscanthus field.
Both the permutation and bootstrap tests showed that the grassland field had a significantly higher Simpson's Index (p < 0.01). The difference between the two fields was not significant for species richness, biomass and abundance. Table 1 shows that the grassland field had the higher ground beetle biomass and abundance in Year 2, and that the two fields had a similar species richness.
The Miscanthus field had the highest Simpson's Index and SCVI. The Mann-Whitney tests showed that the grassland field had a significantly higher (p < 0.05) biomass and a higher abundance than the Miscanthus field (p < 0.01), and that the Miscanthus field had a significantly higher Simpson's and SCVI than the grassland field (p < 0.001). Both the permutation and bootstrap tests showed that the Miscanthus field had a significantly higher Simpson's Index than the grassland field (p < 0.01).
Arachnids
As shown in Table 2 the Mann-Whitney tests for species richness, biomass and abundance were significantly higher (p < 0.001) for the barley field than the Grassland. + Significant (p = < 0.05 and >0.01); ++ Highly Significant (p ≤ 0.01 and >0.001); +++ Very Highly Significant (p = 0.001 or less); X Not significant.
Miscanthus field and significantly higher for mean SCVI (p < 0.01). Both the permutation and bootstrap tests showed that there was no significant difference between the Simpson's Index of both fields.
2) Linseed Table 2 shows the Mann-Whitney tests showed that the linseed field had a significantly higher (p < 0.001) species richness, biomass and abundance than the Miscanthus field, and that the Miscanthus field had a very highly significantly higher mean SCVI. Both the permutation and bootstrap tests showed that there was no significant difference between the Simpson's Index of the two fields.
3) Miscanthus vs. improved grassland As shown in Table 2 , in year 1 the Mann-Whitney tests were significantly higher (p < 0.001) for the grassland field than the Miscanthus field for species richness, biomass and abundance, and significantly higher (p < 0.05) for the mean SCVI. Both the permutation and bootstrap tests showed that there was no significant difference between the Simpson's Index of the two fields. Table 2 shows that in Year 2 the Mann-Whitney tests showed that the grassland field had a significantly higher (p < 0.01) species richness and a significantly higher (p < 0.001) abundance than the Miscanthus field, and that the Miscan- 
Discussion
The overwhelming picture is that the crops studied all had statistically higher values for nearly all biodiversity indices compared to the Miscanthus crop as hypothesized in H 1 .
It is apparent from the findings of this study that the species richness, abundance and biomass of ground beetles and arachnids within an established Miscanthus plantation is poorer than that of adjacent conventional agricultural land-uses, in many cases very highly significantly so (see Figure 1) , and that replacing these land-uses with Miscanthus will have a negative effect on the biodiversity quality of these organisms. In most cases Miscanthus had a positive effect on mean SCVI, but this was largely due to a decline for some reason in common species rather than an increase in rarer species. It is also apparent that adjacent land-uses can have a positive effect on the species composition, abundance and biomass of Miscanthus; however the suitability of Miscanthus for these species is lower than the habitats they originate from. The present study concerns only one Miscanthus crop and may not necessarily be representative of established Miscanthus crops elsewhere. However, the evidence presented here, and the discussion of likely causes of the findings, alongside other studies, in particular Semere and Slater [27] [28] and Christian et al. [29] suggest strongly that the findings would be similar in replicate studies elsewhere. Christian, Riche & Yates [29] found that weeds were a problem during crop establishment but in subsequent years the effect of the shading from the canopy and the litter layer suppressed weed growth and the requirement for herbicides. Small mammals were more abundant at the field edges, and bird foraging decreased as the crop grew taller [27] [30] . As weed vegetation reduces over time in Miscanthus plantations, it is likely that invertebrate biodiversity will also reduce over time. Other studies indicate that patchy establishment of Miscanthus can enhance biodiversity through allowing weed growth in the crop and increased light [30] albeit this was based on two unknown single dates sampling of fifteen sites in Ireland.
In the case of maize as a crop Lee and Albajes [31] found they could set baselines for some elements of biodiversity quality (species richness and Shannon diversity) but using only a four month period of sampling and only a few pitfall traps there were bound to be variations in the data which we have avoided here by using more traps over a longer time. Some other Miscanthus studies have contradicted this case in that they found increased biodiversity in polluted sites (Chauvat et al. [32] ; Hedde et al. [33] or reflecting landscape richness [34] . All three of these papers were of immature sites (<5 years old) and single samples of Christian et al. [30] found that weed vegetation in Miscanthus plantations reduces over time, as suggested by Semere and Slater [27] [30] . The lack of invertebrates feeding on Miscanthus and the reduction in weed vegetation over time are therefore likely to be the two major factors influencing the results presented here.
Current Defra advice is based on a study by Haughton et al. [35] which compared butterfly transect data from the field margins of Miscanthus to butterfly data from arable crop field margins and found the abundance of total butterflies to be greater in the field margins of Miscanthus. This study has several problems. Firstly, the data from the biomass plantations comes from a different year and a different location to that of the arable crops to which the data is compared to. Butterflies are subject to annual fluctuations, some more so than others, and several species within the families recorded are migratory and their abundance in the UK in a given year is dependent on conditions in other countries [36] .
Comparative studies of butterfly data would therefore be more accurate if undertaken over the same time period to account for such fluctuations. No attempt was made to examine the in-crop biodiversity, which is arguably more important than the field margins, being of a much larger land area. This study is therefore only relevant to one order of insect, which is prone to annual fluctuations in numbers of some species, and only relates to the field margins. The biodiversity of the crop margins might represent the biodiversity of the wider agricultural matrix rather than the crop itself.
Semere and Slater [27] [30] undertook a more thorough approach to butterfly surveys than Haughton et al. [35] , undertaking transects in both the field margin and within the crop itself and identified butterflies to species level. These data were compared to reed-canary grass, another tall grass species, and not conventional agricultural crops or grassland. Butterfly abundance was lower in the crop than in the field margins (mean of 17.1 individuals, same dates). Haughton et al. [35] made reference to Semere and Slater [30] , but made no mention of their findings in relation to butterflies or any other organisms. This was the only study of butterflies in Miscanthus crops in their references. Furthermore, they stated: "Here, we have demonstrated both the generic role of ecological understanding and the specific utility of butterfly abundance as an appropriate ecological indicator." In their study, they made no attempt at assessing the in-crop biodiversity, and used an indicator that a previous studies [28] [30] suggests is much lower in abundance within the crop itself than the field margins they did study. They used a potentially unsuitable indicator of environmental change [37] which is influenced by a variety of external factors [36] . They compared data from Miscanthus to arable data from previous year's crops in other localities (which did not account for regional variation and annual fluctuations). The results of the present study clearly show that in almost all measurements, across two invertebrate groups, the cultivation of monocultures of Miscanthus has a M. A. Williams, A. Feest DOI: 10.4236/as.2019.107069 913 Agricultural Sciences negative impact on biodiversity quality when compared to typical agricultural habitats within the studied farm.
The above results showing a considerable reduction in biodiversity quality in
Miscanthus may be an underestimate of the impact of Miscanthus on ground beetles since in the absence of food they are likely to continue to move and thus being more active are more likely to be caught in a pitfall trap [37] . The difference shown in mean SCVI where Miscanthus apparently had the rarer species can result from the reduction of all species such that a few are left and some of these may be rare ones resulting in the apparently higher index (in all cases the Species Richness of the alternative crop was higher than Miscanthus and therefore if these additional species were common ones the mean SCVI would decline).
The present study has potentially serious implications in terms of future policy and advice on the use of Miscanthus as a biomass crop in terms of the effect on biodiversity. The present study follows a similar methodology to Semere and Slater [28] [30] , while comparing Miscanthus to arable crops, rather than alternative biomass crops. Rather than including the wide range of organisms that they did, our study focuses on one group that they studied (ground beetles) and one that they did not (arachnids) over a longer period of time and throughout the entire year, and a more holistic assessment of biodiversity quality was undertaken. This is, therefore, the first major study since their work to assess the in-crop biodiversity of Miscanthus (and the first to study the in-crop biodiversity of an established plantation) and shows that Miscanthus biodiversity quality in general is very poor in established plantations, when compared to some adjacent conventional agricultural land-uses.
